US007489250B2
a2 United States Patent (10) Patent No.: US 7,489,250 B2
Bock et al. 45) Date of Patent: Feb. 10, 2009
(54) METHOD AND APPARATUS FOR 5,865,736 A * 2/1999 Bakeretal. ................. 600/323

CONTROLLING AN ALARM WHIILE 6,057,758 A 5/2000 Dempsey et al.
MONITORING 6,248,067 B1* 6/2001 Causeyetal. ............... 600/365

6315719 Bl  11/2001 Rode et al.
75 _ : n 6,569,095 B2 5/2003 Eggers

(75) " Inventors: Elizabeth A. Bock, Elm Grove, W1 6.754.516 B2* 6/2004 Mannheimer .............. 600/323

(US); George M. Hutchinson,
Brookfield, WI (US); David A. Sitzman, OTHER PUBLICATIONS

Hubertus, WI (US
(US) Dr. R. Fried, et al. (2001) “Online Pattern Recognition in Intensive

Care Medicine” 2001 AMIA Annual Symposium, Nov. 3-7, 2001,

Washington D.C.

R. Schoenberg, M.D. et al., (1999) “Making ICU Alarms Meaning-

(*) Notice: Subject. to any disclaimer,. the term of this Eﬁiaioslllypmagﬁgﬂ;fﬁj? 20?3} Eggejnd based algorithms,” AMIA
patent 1s extended or adjusted under 35 A. Lowe, et al. (1999) Diagnostic Monitoring in Anesthesia Using
U.S.C. 154(b) by 363 days. Fuzzy Trend Templates for Matching Temporal Patterns, Artificial

Intelligence 1n Medicine 16.

(73) Assignee: GE Medical Systems Information
Technologies, Inc., Milwaukee, WI (US)

(21) Appl. No.: 11/442,490 _ _
* cited by examiner

(22)  Filed: May 26, 2006 Primary Examiner—Benjamin C Lee

Assistant Examiner—Jenniter Mehmood

(65) Prior Publication Data (74) Attorney, Agent, or Firm—Andrus, Sceales, Starke &
US 2006/0220885 Al Oct. 5, 2006 Sawall, LLP
Related U.S. Application Data (37) ABSTRACT

(62) Davision of application No. 10/440,626, filed on May

19, 2003, now Pat. No. 7.079,035. A method for monitoring a subject can include acquiring data

from the subject, and dynamically adjusting an alarm limait
based on the data. The method can also comprise determining

(51)  Int. CI. a first value that 1s typical for the subject tor the characteristic

G055 23/00 (2006.01) being monitored, determining a second value for the charac-
AGLE 5/00 (2006.01) teristic being monitored, and generating a comparison based
(52) U..S. Cl. ... 340/573.1; 340/501; 600/301 on the two values. The method could also comprise setting a
(58) Field of Classification Search .............. 340/573.1, threshold for a characteristic being monitored, and decreas-

340/500, 501, 539, 5.8; 600/300, 301, 306, ing the alarm limait 11 the data crosses the threshold. The
600/323, 324, 346-348; 705/2,3 method could also include setting an extremity limit. The

See application file for complete search history. following methods can be applied to the monitoring of a
(56) References Cited healthcare patientj oriotl?er subjects (})f interest. Also, the
values used 1n the monitoring of the subject can be configured
U.S. PATENT DOCUMENTS to be transferable from one monitor to another.
5,464,012 A * 11/1995 Falcone .....ccvvvvinnenn.... 600/301
5469.144 A 11/1995 Gradzki et al. 15 Claims, 5 Drawing Sheets
AQUIRE DATA &~ 100

h 4 1072
DETERMINE VALUE
106
/-104 /
h 4
YES
» CXCEED EXTREMITY? » ALARM
108 A
NO
\ YES
AQUIRE " YES EXCEED ALARM
> DATA | E}(CEED THRESHCLD? > CIMIT
Y
NO NO \
110
COMPARE g -
ALARM - VALUES 4 ADJUST VALUE e

! W N e

113



U.S. Patent Feb. 10, 2009 Sheet 1 of 5

24

22— | STORAGE i RECORDS

20 *ﬂ REPORTS \- NE TWORK
8\ / i

18

ALARM

207> |NTERFACE

\ f N

10

D DEVICE |,/—7_//i DETECTOR 27
1Z 16

FIGURE T

US 7,489,250 B2

26

L

PROCESSOR

/

28

BILL

N

32

| A
| SUBJECT MONITOR S
L P

14



U.S. Patent

500

Feb. 10, 2009

Sheet 2 of S

US 7,489,250 B2

- - e e e ol
L - ™ 1]
- - » L]
- u - -
- - L] LJ
- - -
- v h b v k¥ & & W & F F B B " ORF 3B ll.!llil--!lii_rllll-ﬂlllll ol A ok Aol o hw ok d w R A oo Ill:lillhl-i‘.-..i-“"‘q.i...‘.‘.i-“.iq.hli-ﬁi-l--l-iilhil-i-l-hl‘-lIlll--l-lll-l-l--lli*h‘j‘i -
L - [ ] L]
- - - 1]
L - | ] h
- . . . m
- - - =
“ B FE FERBE LI ] LI B B ] A d & FdFrod IEEFENTYTE Y 1+ 17 kT +RA11 7T01 RN |i‘|‘ilIillIIlllllllilllililill.lhl|il.lliilllilllllllllllllllll._lllﬁlllllllllllillllllli LI W
- F - n - =
L] - [ ] - T
- - - 3
- - - [ 3
- - " r
h b g B R B4 = &= F T F T O1w m!!-l'iiiv-_illl'l-i s ok B R & o Bk TR w4 ‘.l‘lritilli‘.h.'q'-j"|.....l.|."f.-i.‘i'q-‘ili.l.ili‘.l-lhiilt_‘liIilllihlllil‘iiii-t = o
- L] [ ] L]
1 [ | R L
- - - =
- - - -
-+ | [ ] - L ]
R ] P FW oFYFE OWEETY RS mr= ¥ LI - ok oy ow oFom + B A4 & 4 4 & B y= & roF R EOFTOTTOTETITIWMEFGET T B YL EYTN R F Nk f o= omok kA EEg R E ok Eokk A R Ry =T R - om
L} - - L]
+ bl » = - m
- F - - -
L ] L] - L)
" /] : : . :
* = & % mw » v u & Y ok F o4 R E R F % f 4+ & F R & & = 4 E § Lk & By s o moFF OFYT W AN & R T & N E N & E oW ok ok oy B koA ok kR OEd N F AR EF 4T A R R EF EF E 4T Y E YA IWWRF Y N e REEFFR a B &
-+ L] L ] T
» - - -
] - - =
L | ] | 3 [ 3
-1 - L L]
= &% F ¥ EW * x n mbkd 1 & pgh i Bd k B d b+ & b+ 4 F AR RS A LEL BN gk ow ¥ ¥ F W+ AW T F A A E RN R &k ko= od ooy Bk FE odpod FEOEJd R A A BN E A od hok & od R F E Bh kR EFEE ok E ok om ok ol ok ok om ok LI ]
L ] L] - L]
¥ - - -
[ L ] o -
& a -+ - L
L ™ L] - L |
- F Y T I ®WE = oy = oy o d =k g EokF A 1 & E & B E 4 B 4 & & 4 & & LI B L B N R R R R R I I R R R B I T R N L R B R I R R R e R R N e N L B I R N A B L R N L L - 4
L] L] [ ] L]
- - - -
- e - - 4
L] e - = -
- - uh L]
- Ak A 4 & B W F YA AEEFYS B o R FEORFOFF S WYY Ll L W R Agd & § & A e g kA =gt YITTET TT OTYT A EFETIEEFEFTTEFTRET T HET " AEFATTETWT®T TYTOREAFTTTRATTETEFWERTLAAREEEFE A [
: r - . .
L] -1 - L |
L ] -4 » L ]
1 . - -
L] | ] - »
A b4 L i k- = o 4 B & 4 4 - L4 LL 1L +« L 4 444 F 4 5Lk LLBERJ FF 4L ik ES 11 144l S Ak wyy= w ¥ m % F F W oW oA R R A OFW R % F AR RN ok By A FA A R AR A B R R E A M & ok N kA B oF o4 E M AR RN ok kOEA A Ak omom koy oy ok - w0
1 - - 1]
- » - -
'
L] n L | [ ]
* [l - L] F
v 1 1 L] L |
- & F F E B % F F % W™ OW Y ¥ F B W OwE 5= om w = kb ok ok oy od gy g EEos W = & mom = W P RN " FuF 4 ko4 &k & ok ook B Bk ook ok k mop Eow oy WY WM OEopFoWE & % o4k oRE R E W SR TR OFTSE SRR g AN oMY RN OWEWREN OF4 WA EE S Py
] L] - -
] ¥ L} [ ]
L L] - [
- uh -
4 " i - »
« B 4 4+ B 4 F & k& o d F 4 a4 FF 4 A1 - 1 F F = F F % F & &4 F F + % 4 # 4 &4 % % F F F & B B F YRw bk ok b 2 =% v b xmEFOERE N TN OF 4 WA dE 4 dgd EWPF 4 4 W N 4 BEEFF I E ST 4B 4 hog ¥ B ok b & R % & ¢ F R ok & ox ko4 - Fr u
L] L - L]
[ ] L] -- [ ]
. " - - -
(] - - 1
L] [ -- [ ]
b o ok ok m o & - = a F & & 4 4 % = b 4 F 4 1 & B & & & b dm Ik & & F = d o4 Edokodwmoem TA" F & E ¥ ¥ F ¥ BN 4 S HE F W & % 4 4  F & E F E & g & 4 F F E & & F 4 E & & F b s oh S b & b & m o = b e - % 4
1 L] L L |
4 » - L ]
L] [ ] - -
L3 + ] [
[ ] L] - ]
L gy &k g 3= =% ¥ & =m g5 3 & & B od b mowm h & & = = b & 3 = ="y §F §g == @ = 3 2wy s & m R A F 4 4 B B & B 4 E & F B F I & B & b & & B & b =w wpd & b ok = & = =m = p m b m §y m o= =m m = 3§ og ® § OF OF oW OE W g - v W W R = % RN ¥+ F 4 B & 4 * 4 m
- L] N - 3
- . - 1]
- 1 ] - L]
* ] - *
3 - [l -
= & &k oy = & & = oy & = v =g g bl d da kb s m o= mge o By g ok Al Fud B " I T % %W B N 4 4 B F E E E 4 4 B E b b B & du osp b w F m Ko ok om b ok ok ok xom = ok ooy W OB OE O ¥ RS W OROF OF OE § RN R W E g EY F+ E Y BFR [
- L] L]
L] - - »
* = 3
[ 3 - -
* » =
L-iil‘iii LI B I BB LI I B BN B LN LR B B A A ] L] & F 4 % % F B YA N 0 &N &K K I bowmoy d ok Aok ok F kb dw % g mEh g EEERE - N EL T F PN REYE FEEE Y R EREEE P A&
- L]
L] L]
L] *
] -
- =
i = g & 4 = gt m m o= =y == oyow d & = & - - B F 4 & & & 4 & k4 & F 4 b & ok oy ok &k ok ok ok F e oy o mwm g E =g W S s &g NN WY T O® Y 4 F FE ¥ E I % & EAd 4w kod &k sk o
. =
1 L] -
] L] -
L] -
M . ﬁ
- & 4 & m ok od ok m mh m ok odm A& ko = m o &  om o b by o R om " & 4 % ¥ 1 % & & F 4+ 4 B B4 & 4 & & b d b w b & B m o4 i & dw o m b m 0w Om g oFSE §goypoRE ORFEFQFEF S OER F ETN - O % & % E kA A d &R 4
- L] ]
] ] Bk
L - -
a 4 - ' Jpl—
- . - L]
- i A m o m o pam o omomop oy ook omom = - - m o T E OF & RN T 4 N kA B A hod Aok bk ohom omom odod b omoE o omop o mog o meoE OmoB O}y oW F T OF EAOF A oM T E AR TR -
- L] -
L] L L]
L] [ -
F - u 1
- - -
- = - %1 W %" + %A 4 F F W  OF Ea L I I B E Y F A A A 4§+ R R EE & = m ok B okw m o= oy oy m o4 oWRE RY W AF EY OFAOAE ERY 4 & Bk odomon omokohom o= ok om & omom o omom o momeosho oy om ok ormE FEFTOWW »
a 1 L}
- L] L]
L - -
1 L] ]
L | - - - :
- a1 b & 4 F b d k& & & B b ok d F 4 & ook o odh odygm & " PR R - mEF F F W EFE A" =W TP FFEEF AR d dF Fddenod ok B EEwm ok oy RYOFF R E EREEAph - FEFEFAAAEFEAd R Y 4 EE RBE - =
Lt - *
- - - —
a - -
[] = - :
L] - - 4
- k& ok ok ok s & h = & m b e wm m bk ok R = =g o & 4 & F FF4 i-l.-i--ll--l-l-i-!l-l-l--ll.-l-ll.-l.-l.l-l-ti-.i--liii-.p.--,-.p-......|..|..-..|,.|..|..||..,.._..........-......r."... + ® P
n L 3 L] L]
L | -+ - -
» - 1 L}
v [ ] 4 4
mlienle—
L] + - -
m 1 =k ok & § E §F ¥ F & B " BB il!llllllli!-I-Ill d b K I 0 m B kodod FE I d ¥ & howod ok FE mdo e e NN FRFFLEE]d 4] bk e ok bmodogoy map o omomopopoy ooy oaopowEm oo E R T T FE . R 4
M - - ,
* - 4 -ll'
4 '. -+ L L] ‘
- 4 & L]
+ L} - -
= 2 m m o= & = W % =" § W 5 W F 4 & - F 9 4 + 4 B BFEF I 4 & BB F h m = om = b ode wm o opm @ m m ok m dl gy " m o= a2 N T FAFEEFF EEF R &4 & b ohm = = = m gy g WS S ST F FEFE® T 4 F &S E & F & Ad - m ok
4 - [ ' 4 -
L] [ ] Ll L]
] " - » ‘
L] ” - * - —
1 ] L] ]
¥ = v u = s & F F 4 %7 A B N F % & F 4 4 B & lmd k4 d b Bd=d =y =" R BEY OWF EFAN =R e = = = 4 powpopm g FRoE YW I "R F AN kA EEE F A M gp okoyp omE oy RE N R AEEFF S OF® FA A& A kodkom ok om ook E& - mem
r = 3 * -
L] h 4 -
] - - . P’
[ ] 'l|| - L] L]
4 [ 4 a
- F ¥ 2 W 4 B Ff & % % 4 =B &R W £ OF B OB R A R OF om ook ok ok W = % 4 v ®x rFrF1 ¥ B 4 F =2 F A% W = = gk w4 Fr A FF A RdOF = Aok chAom o=k owow W F 4 F NA™ B d & F F ok ok ok oss o F ok obh o om kom ok & [
- + L] [ ]
. [ 3 L] -
] - - 7 ‘
d - r I
. d [ ] L -
= ey = o mow 4 % " R B ¥F4FEFEE R £ F B B F 4 B F & b F bk R ok L L T I R N L R R R R R I I I B I I I R I A R R T R N I T I T T T T O T e - ww
- 3 - -
L + ] L]
1] = L] - ‘
[ L} L] 1
- - [ ] 4 L]
- T F & ERF 4 1T 4 4 F F I & & & %¥r 4 F F & b 1 b 7 = = = & 0% g = ¥ B 1 4 & vEF 4 B I B 4 F F F ¥ OFF OE §gE o®EFF T WEFFF AT FF A& okod s Fmoy myorsoy R A A omaok FF ko oweoshomomomom o omosh ok odsoyowomeomopoy oaop R
L] . i a
* L] - 4
. . . - F-
- [ ] 4 -
L - Ll -
= & d 4 R & = 1 = m g &+ moyp & @ ke e moEameaFd L LR B R e L R L N Ll N I N N N N I Y E P N T T E R T EE "
- L ] +* 4
- [ ] 4 a
13 - - " P
» - - -
1] - - = a
hoid 4 b & B " m s mb g - E R FREEY RN OFRELE LY = = m ok omom =¥y = op o orowor b o=k b4 E L FREL Ty o mdomsopgr 0 rmosmmamr PR F A S 4l omomaoageomE o F EIWOF FIEF FS & ok s N or ok &eom o d ok - -
L} 3 L] L]
L L] d [
& - - » !
- L] L L]
L] - L] - IF
-y 4T 4 4 4 4 E & 41 & & LI I L L I B O B & F o 4 & & AT & b e kA A FF OFAW TS ETF AW F A &R Foa PN oMok Fd oA ook komom o= 8 d W A B ok momoga h omomoaoma o owy o womeoE o omoop o=omow T F W [
- - a
* r 1
L] * =
- L] -
] u 4
ok & A& k& LEEL R L I = =y o4 F TR TYT W FEEEF & w4 g m mop sty = omox ooy o E A d oA od NN A & A ok ok ok om I F ok ke E oy RE B F Y+ Am ok d m o mpEs == E R4 W 44 A F Fd 4+ &% A v+ % A &N A A - B om
¥ 4 -
* L -
= - - F
- - L]
[ ] L] -
- Tn ¥ F OB = L " F FF 4 F R & 5o Doy & iti-lll-l-l-"-lll--ll-lll---l-ll--Ill-ll---i-ll-lI--!l!l-ll‘-lll--li-!lll-l-l--i-li----.....,|.|,|..q.|..'|...-i.-....'.*.. =g m= m
- - L |
* = +
1 = -
L] L] -
I- - ¥ .
& %+ 4 + 1 = + 4 £ ® B B 4 +* B & & F kB = = & & 4 gy =@ -ti-ll-l-l'-lti---l.ii-l--l-l-l-llllr--l-lll--llll--l-!l-l’-l.-l-l--llll.l.-li--lt--..--............._.‘............._._.-..",,. -y w
- - - - »
3 L] »
- L] -
= ] ]
[ L L]
b == r 11 a0 @ d d B B & & & & = &y =y opd B N ti---‘i'--'1.-.lli-l-n-r-lllr-ll-ili--liri‘il-riIlll-i--ia-';;...,.......q.‘.\...'.._.,..,.......,....,.,...., [
4 = 13
3 , -
- , -
L] L] -
4 = a
P = a2 2 4 = n B ok F B R om oA om L N R A A N EE N ] ----l-.'--||-||Ir--lill"lil'll'iii‘l1i'|'i‘l"l'ill'll-ll|||t|---||.i‘-'\uuu;-|.ll--.ll.l|'|.|l|| A 4 @
- L] -
- L -
* 1 M
- - .
[ 3 - a
A LE J 5 IR L4+ R R L d B F 4 o by nd d o mgwrow ‘-'--'-----i‘--.il-l-l-i'l'-ll-l'-lli-l-l-l-li--'ll-l--l-l-i-i-liii'-'lp...qpil-i\-.._-..j_----""-" [
- L] a
- L] a
] L] .
- L] -
- - *
- ey a2 oA L L B E & F 4 u B = =k m=ga o * = = = om o= s om o w h oy b & b % om oo oar ko + anoar Frrorar s R ks e a4 E A A F 4ok me b e ormmy moy o omowmy mEor owwmowow o aoa -—a
L] - + =
- L] -
. - -
r - ]
[ L] 1
- EF F I E T 4 4 F & B B 4 = & & & & p T W o FE ¥ ooR oA d & = ra v vy v o poar oy opmosoy Aok M Ed R E A E o= ok okl A om A F & A d md =k ok o E A kA &k om Fuomogyr ¥ momgyREE O FEFY YT EWTE FT N AR I W [
L] L] -
| i ]
- ] - L]
] - a
1 L +
= Rk F F R E d ko B & o= LT T N L B I +|i-l--il-'ll.l--lr-lill-l-l-illlllllii-ll--ll-----l'i-i‘liiii-l!-ll--l-iit-li-.-';.......!......‘q|-+-|--|.--||--|..-|.-.n.|1. [
- L -
* b L]
" = a
= L | -
- L] .
= ook m A e = g = sk gy rm = & 4 # & A B K F 4wy B .........-......"-i-......-...i.l.i-I-llll!--l-l|--|l|--|l|l-|.|ll!-"'ll-l-!-ll|ll|ll.-|-|--|llll.....-...................l...q.q............l.....-....n.q.. R
* - 1 P
- L -
* b -
- r L |
* 4 ]
|
" * . * . " 4

1V




U.S. Patent Feb. 10, 2009 Sheet 3 of 5 US 7.489,250 B2

<

M)

¢
) < M) N — -
| { | { | |
all Q_ an O aR AR
) ) V) ) V) )

426
/ |

N
L | <t
% N
) _©
O .. e
™ “\ |
R\
|
NN
-
—
¥ 5
N




U.S. Patent Feb. 10, 2009 Sheet 4 of 5 US 7.489,250 B2

DATA
SENSOR

-IGURE 4



,\Ln: Cll

SIANIVA
JIVdNOD

> NSV IV

US 7,489,250 B2

. ON |
1IN ._ L V1ivdQ
AYYIV 0330x3 [€ SIX _ oQTOHSJdHL C430X3 ' JYINDY _A

= I ﬁ
=
e SIA . /
D
= o 80|
NYY TV =S| ALIN3YLX3 0330X3
= \ \
= v0l
Q 301
—
o - -
= _ INTVA 3NINY3L3A
- 20l ——7
00l viva 3HINOV 5 341914
o . R —

U.S. Patent



US 7,489,250 B2

1

METHOD AND APPARATUS FOR
CONTROLLING AN ALARM WHILE
MONITORING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional and claims the benefit of
application Ser. No. 10/440,626, filed May 19, 2003 now U.S.

Pat. No. 7,079,035.

BACKGROUND OF THE INVENTION

Monitors are used to monitor all sorts of variables to look
tor the occurrence of certain noteworthy events. Many actions
taken by a subject can generate events that generate data that
looks like an alarm, but 1s merely an artifact. For instance, if
a patient moves around, a sensor attached to the patient may
generate a data signal that would be indicative of an abnormal
condition. This false positive result (registering that an event
has occurred when 1n fact no significant event has occurred)
would preferably not result 1n an alarm being generated. It
would be desirable to have a monitor that can indicate when
an event has occurred where most of the indicated events are
significant. It would also be desirable to avoid registering
false positives, while avoiding false negatives (not registering
the occurrence of a significant event).

Many subjects, such as patients, differ from each other in
many respects that are material to monitoring. For instance, a
typical person may have a normal systolic blood pressure of
120, whereas an individual’s normal systolic blood pressure
may be closer to 100. Some values of a systolic blood pressure
may be reasonable for the typical person where they would
not be as reasonable for the individual. A monitor that could
use limits based on the characteristics of the subject, includ-
ing typical values for the subject, would be preferable. A
monitor that could use limits based on the historical charac-
teristics of a subject would be desirable.

Additionally, readings from a patient may go from a high
point in a range that 1s not alarming for a subject to a low point
in the range that 1s also not alarming. While the values them-
selves may not be very alarming, the change 1n value may be
significant. For instance, a value that 1s steadily dropping may
be indicative of a problem that 1s gradually worsening. Also,
a value that drops quickly may be a sign that something has
gone wrong, even 1f the value remains in a normal range for
the subject. A system that can indicate when the readings are
fluctuating, when such fluctuation 1s important, would be
preferable. A system that can i1dentily a relevant event 1ndi-
cated by the fact that the readings are changing over longer
periods of time would be desirable.

The teachings herein below extend to those embodiments
which fall within the scope of the appended claims, regardless
of whether they accomplish one or more of the above-men-
tioned needs.

SUMMARY OF THE INVENTION

One embodiment provides a method for sending an alarm
based on monitoring of a patient. The method comprises
determining a first value that represents a typical value for the
patient for the characteristic being monitored, and processing,
the first value to set an criteria based on the first value.

Another embodiment provides a method for sending an
alarm 1n a medical monitoring device. The method comprises
setting a threshold for a characteristic being monitored,
acquiring data from a patient for the characteristic being
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2

monitored, and setting an alarm criteria exceeding the thresh-
old 1f the data crosses the threshold, the alarm criteria having
a finite duration.

Another embodiment 1s directed to a method for sending an
alarm 1n a medical monitoring device. The method comprises
setting a threshold for a characteristic being monitored,
acquiring data from a patient for the characteristic being
monitored, and tighteming an alarm criteria if the first data
crosses the threshold.

Another embodiment provides a momitor for monitoring a
characteristic of a subject. The monitor comprises a data
acquisition device configured to mput data from a subject of
interest, and a processor. The processor 1s configured to deter-
mine a typical value for the characteristic being monitored,
set alarm criteria based on the value, and send an alarm signal
based on whether data acquired from a subject by the data
acquisition device meets the alarm criteria.

Another embodiment 1s directed to a monitor for monitor-
ing a characteristic of a subject. The monitor comprises a data
acquisition device configured to acquire data from a subject,
and a processor. The processor 1s configured to set a threshold
value for a characteristic being monitored, set alarm critenia
based on the threshold value 1f the data acquired from the
subject by the data acquisition device crosses the threshold,
the alarm criteria having a finite duration. The processor 1s
also configured to send an alarm signal based on whether the
data acquired from the subject meets the alarm criteria.

Another embodiment 1s directed to a method for sending an
alarm using a medical monitor that 1s monitoring a patient.
The method comprises acquiring first data from a patient,
acquiring second data from a patient, generating a compari-
son based on the first data and the second data, and generating
an alarm based on the comparison.

Another embodiment provides a method for use 1n moni-
toring a subject. The method comprises acquiring data to
generate a profile for a characteristic of the subject that 1s
being momtored where the profile changes over time, and
dynamically adjusting alarm criteria based on the profile.

Another embodiment 1s directed to a method for monitor-
ing a patient. The method comprises setting a threshold,
acquiring data from the patient, and tightening alarm criteria
based on when the acquired data crossed the threshold.

Other principle features and advantages of the invention
will become apparent to those skilled 1n the art upon review of
the following drawings, the detailed description, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a monitoring system according to
one embodiment of the invention;

FIG. 2 1s an 1illustration of alarm limits as alarm criteria
where the limits are dynamically adjusted according to one
exemplary embodiment of the invention;

FIG. 3 1s an exemplary 1llustration of an alarm limait that 1s
set and that tightens when the acquired data crosses the track-
ing threshold according to one aspect of the invention;

FIG. 4 1s another exemplary embodiment of a monitoring,
system according to one aspect of the mvention where a
plurality of monitors are networked together; and

FIG. 5 shows an exemplary flow diagram for monitoring a
subject according to one aspect of the imnvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following descriptions for purposes of explanation,
numerous specific details are set forth 1n order to provide a
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thorough understanding of the present invention. It will be
evident, however, to one skilled 1n the art that the exemplary
embodiments may be practiced without these specific details.
In other instances, well-known structures and devices are
shown 1n block diagram form 1n order to facilitate description
of the exemplary embodiments.

Referring first to FIG. 1, a monitoring system 8 comprises
a monitor 14 and a network 18. Monitor 14 also comprises a
network intertface 30 that allows transfer of data to and from
network. 18. Network interface 30 1s preferably configured to
allow wireless transfer of data. More preferably, network
interface 30 1s configured to transmit data using a radio fre-
quency. Network interface 30 may directly facilitate transfer
of data across a network for the monitor, or may facilitate
transier of data by coupling the monitor to some other device
that can directly facilitate transfer.

The data transferred from monitor 14 to network 18 can be
raw data or can include data that has been processed. Also,
data can be transferred to monitor 14 to aid, configure, and/or
operate a function of monitor 14, or can serve some other
purpose relating to monitor 14. For instance, the data may
include a subject’s history or can include previous values
used when monitoring the particular subject.

Network 18 can be any type of network across which data
can be transferred. For example, network 18 can be a local
area network, a wide area network, and/or the Internet. Net-
work 18 1s coupled to a report generator 20, a data storage
device 22, a record keeping device 24, a processor 26, and a
display 28. Report generator 20 can generate a report based
on, data storage device 22 can store, record keeping device 24
can make or add to a record based on, processor 26 can
process, and display 28 can display data acquired by a data
acquisition device 13 of monitor 14.

Monitor 14 also includes processor 27. Processor 27 may
be any signal processing circuitry, such as one or more micro-
processors 1n combination with program logic stored in
memory. Processor 27 may be made of a series of sub-pro-
cessors where each sub-processor performs one of the func-
tions of processor 27. Further, processor 26 may perform the
functions of processor 27. Further still, processor 27 and
processor 26 may be sub-processors of another processor that
1s responsible for the various functions.

Referring next to FIG. 2, a plot of data obtained from a
monitor according to one embodiment can be seen 1n graph
300. Graph 300 shows a plot of heart rate (y-axis) over time
(x-axis) according to one exemplary embodiment of the
invention. Graph 300 shows an upper extremity limit 306, a
lower extremity limit 308, a calculated representative value
310, and acquired data stream 312. Graph 300 further
includes tracking thresholds 314 and 315, alarm limat 316,
and alarm indicator 318.

Monitor 14 generates an alarm 11 the instantaneous heart
rate falls outside extremity limit 306 or 308. Extremity limits
306 and 308 represent values that are extreme for the charac-
teristic being monitored. For instance, 1f a patient 1s being,
monitored, the value may represent a value for the character-
1stic that 1s unlikely to be acquired from a patient who does
not require immediate attention, or a value for the character-
istic that represents that the patient 1s having (or soon will
have) complications.

Monitor 14 also generates an alarm 11 the heart rate deviates
in a predetermined manner from a calculated representative
value 310. To this end, calculated representative value 310 1s
increased incrementally 11 acquired data stream 312 1s greater
than calculated representative value 310 at a point 1n time
304. This can be seen between the twenty-ninth minute and
the thirty-second minute. Calculated representative value 310
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1s decreased incrementally (decremented) 1f acquired data
stream 312 1s less than calculated representative value 310 at
a point in time 304. This can be seen between the twenty-first
minute and the twenty-eighth minute.

Tracking threshold 314 1s set based on calculated represen-
tative value 310. Tracking threshold 314 can be set based on
a percentage difference from calculated representative value
310, based on a set amount away from calculated representa-
tive value 310, and/or based on the standard deviation of the
trend (for example, as the standard deviation of calculated
representative value 310 increase, the gap between calculated
representative value 310 and tracking threshold 314 1s
increased). Tracking threshold 314 can also be set based on a
combination of the previously mentioned factors, and/or any
number of other factors.

Alarm limit 316 1s set when acquired data 312 crosses
tracking threshold 314. Alarm limit 316 can likewise be set
based on any number of factors. Alarm limit 316 can be based
on calculated representative value 310, tracking threshold
314, and/or any other value (of course basing alarm limit 316
on tracking threshold 314 also means that alarm limait 316 1s
based on calculated representative value 310 if tracking
threshold 314 1s based on calculated representative value
310). Alarm limit 316 1s pre-configured to decrease over time
as can be seen between minutes 21.5 and 24.5.

Once alarm limit 316 1s set, 1f acquired data 312 crosses
alarm limit 316 an alarm 1s generated as represented by bar
318. Examples of acquired data exceeding alarm limit 316
can be seen between minutes 22 and 22.8, again at about
minute 23.3, and again at about minute 24. The alarm persists
until alarm limit 316 1s removed. The alarm can also be
configured to persist based on various other criteria. For
instance, the alarm may persist until acquired data no longer
exceeds tracking threshold 314 or some other threshold, the
alarm may be configured with a hysteresis to persist for a
certain duration after acquired data 312 crosses alarm limait
316, and/or the alarm may be configured to persist until a user
resets or acknowledges the alarm (1.e. 1t can be latching). The
duration of the alarm may alternatively be based on many
other factors.

In this exemplary embodiment, the value for alarm limit
316 at a point 1n time can be defined by the equation Alarm-
Curve(t)=K+sp t, where K is the value of alarm limit 316
when alarm limit 316 1s set and “sp” 1s the rate at which the
curve declines (the rate of decay 434). The value of K can be
based on calculated representative value 310, acquired data
312, or some other value. The values used to calculate K and
sp can be different at different points in time, and can be
different for a lower alarm limit and an upper alarm limiat.

Referring to FIG. 3, alarm curve 430 1s calculated based on
an excursion value 432 representing the maximum excursion
from calculated representative value 424. Excursion value
432 can therefore be set such that if acquired data stream 416
exceeds calculated representative value 424 by more than
excursion value 432, alarm curve 430 will be crossed. Alarm
curve 430, however, can turther include a decay rate 434, or
speed of curve. Decay rate 434 represents the rate at which
alarm curve 430 approaches calculated representative value
432 from excursion value 432. Alarm curve 430 may be
represented by the equation: AlarmCurve(t)=K=xsp |t where
K 1s calculated representative value 310 xexcursion value
432, sp 1s rate of decay 434, and t 1s time. Although a single
alarm curve 430 has been described, a variety of curves and
alarm thresholds 428 can be used. Alarm threshold param-
eters 438, such as the illustrated excursion threshold 432,
decay rate 434, and reset time 436 may be adjusted by a user
to adjust alarm thresholds 428.
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Referring now to FIG. 4, a monitor 14 includes a controller
15 in communication with a data acquisition sensor 13 1n
order to receive a real-time data stream. The controller 15
may be utilized in combination with a varniety of interactive
clements such as a display 29 and control features 17 as would
be comprehended by one skilled 1n the art. In one contem-
plated embodiment, the data acquired by data acquisition
sensor 13 1s physiological data from a patient. These charac-
teristics include, but are not limited to, heart rate, arterial
blood pressure, SpO2, CO2, EtC2, respiratory rate, and a
variety of other patient physiologic responses. Also, a host of
amplifiers, filters, and digitization elements may be utilized 1n
combination with data acquisition sensor 13 as would be
understood by one skilled 1n the art.

The extremity limits 306 and 308, tracking thresholds 314
and 315, calculated representative value 310, and incoming
acquired data stream 312 can all be displayed on the display
29 such that a user can quickly and easily asses the status and
settings of a subject 10. In addition, 1t 1s contemplated that the
rate at which the calculated representative value 1s adjusted,
the tracking threshold parameters, and the alarm parameters
may also be displayed. Alteration of these parameters utiliz-
ing the control features 17 allows a user to fine tune the
present system for a particular subject. By displaying changes
in the settings, a user can be provided with a more adjustable
system for generating alarms. Control features 17 could com-
prise a single knob that sets a single tolerance factor. The
tolerance factor could then be used to adjust the various
values used while monitoring. The single knob may have
settings that represent tolerances from loose (alarms would
generally appear less commonly) to tight (any deviation may
be important).

Monitor 14 could also be networked to monitor assemblies
42 such that a subject can be moved from a single monitor 14
to any of the networked assemblies 43 while retaining infor-
mation regarding calculated representative value 310, the
tracking and alarm threshold calculations/parameters, and the
update speed. This could allow users the ability to move a
subject throughout the network while retaining all the vital
monitoring information specifically set to the subject. Addi-
tionally, this could prevent monitoring from needing to start
over from scratch after a move. It 1s contemplated that the
subject can be 1dentified after a move to a new monitor 1n a
variety of fashions. Users may enter a subject 1d number into
a networked monitor 43. Alternatively, the subject may be
selected from a list or database retained on the network. In
other embodiments, the information may be saved onto a
portable memory device for transfer to the new monitor.

Referring now to FIG. 3, data 1s acquired from a subject at
block 100. The data could additionally be acquired from a
database on a storage device 22, which storage device 22
could be connected to a monitor 14 over a network 18. Once
data 1s acquired, a representative value 1s calculated at block
102. The value can be based on data acquired from a subject,
can be data manually inputted, can be based on a tolerance
factor, etc. The value can be equal to a data value or 1t can be
some function of the data value. For instance, when monitor-
ing blood oxygenation levels, the value can be equal to the
current or typical level of oxygen 1n the monitored patient’s
blood, can be a function of both the current or typical level of
oxygen 1in the momtored patient’s blood and a standard blood
oxygenation level for a typical person, can be based on a
function that considers historical levels of blood oxygenation
of aparticular patient, etc. The representative value calculated
at block 100 typically represents a normal value (or some
function of a normal value) for the subject for the character-
istic being monitored. For a patient, the representative value
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calculated at block 100 may also take into consideration the
medications being taken and/or the treatments being admin-
1stered.

Once the representative value 1s calculated at block 102, a
determination 1s made based on whether the value crosses an
extremity limit 104. I it does, an alarm 1s sent at block 106.
The extremity limit represents a value that 1s extreme for the
characteristic being monitored. The limit may be extreme 1n
general, or may be extreme given the subject’s characteristics
and other values. An extremity limit 1s most useful 1t the
tracking threshold or the alarm limait are ever allowed to cross
the extremity limit. The extremity limit could alternatively be
incorporated into a function used to determine a value of a
tracking threshold or an alarm limit (1.e. the maximum/mini-
mum the value of the alarm limit can be 1s the extremity limit
value).

I1 the data does not cross the extremity limit at block 104,
a determination 1s made at block 110 as to whether the data
crosses a tracking threshold (such as 314 and 315) at block
110. The tracking threshold can be a preset amount different
than the calculated representative value, can be some function
of the calculated representative value, or can be based on
some other typical value of the subject. An example of a
function of the calculated representative value may include
setting the tracking threshold based on how different the
calculated representative value 1s from a typical value for an
average subject, 1.¢., 1f the subject 1s a person, 1f a typical heart
rate range 1s set between 60 and 80 beats per minute and the
determined value for heart rate 1s 100 beats per minute, the
exemplary function may set the high limit at 150 beats per
minute whereas 1f the determined heart rate 1s 54 beats per
minute, the exemplary function may set the high limait at 130
beats per minute. The tracking threshold may also be set
based on the varniabaility of the acquired data (1.e. if the stan-
dard deviation of the acquired data 1s large, then the tracking
threshold 1s set farther from the calculated representative
value 310, and it the standard deviation 1s small, then the
tracking threshold 1s set closer to the calculated representative
value 310).

If the data does cross the tracking threshold at block 110, a
determination 1s made at block 112 as to whether the data
meets an alarm criteria at block 112. The alarm criteria of
block 112 1s preferably atfected by the fact that the data
crossed the tracking threshold at block 110. Ways that the
determination of block 110 may affect the alarm criteria of
block 112 include setting the alarm criteria based on the
determination of block 110, and/or tightening the alarm cri-
teria of block 112 based on the determination at block 112.
For example, the alarm criteria at block 112 may continually
exi1st, but will tighten 11 the data crosses the threshold at block
110.

If the alarm criteria of block 112 1s set to tighten 1f the
tracking threshold 1s crossed, the duration of tightening can
be preset, can be based on a tolerance factor, can be based on
the results of other monitors, can be based on whether prior
acquired data did and/or how close prior acquired data was to
meeting the alarm criteria, can be based on a subject’s history,
can be based on the trend of the acquired values, can be based
on whether the data continues to exceed the tracking thresh-
old, and/or can be based on some other factor.

Sending an alarm at block 106 could mvolve a variety of
factors. Also, some users may desire to include additional
steps when sending an alarm at block 106. Some additional
steps may include checking for the signaling of other alarms
based on other criteria, other settings relating to the monitor
or the monitored subject, customized settings for a particular
tacility/user, etc.
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If an alarm 1s sent at block 106, the data does not meet the
alarm criteria at block 112, or the data does not cross the
tracking threshold at block 110, the calculated representative
value 1s adjusted at block 116. The adjustment can be made
every time, every set period of time, a time period based on the
difference between the data and the calculated representative
value, etc. The rate of adjustment can also be based on the
amount of data acquired since the last adjustment, and/or the
amount of agreement of the data (such as standard deviation)
since the last adjustment. Also, when an acquired data value
results 1n an alarm at block 106 (or meets some other criteria),
block 116 may be skipped. Skipping block 116 may be one
way ol avoiding the incorporation of data that 1s not repre-
sentative of a typical value for the subject for the character-
1stic being monitored.

Adjustment to the tracking threshold and/or the calculated
representative value can be made in any number of ways
based onthe acquired data. For instance, if the newly acquired
data point 1s greater than the calculated representative value,
then the calculated representative value may be increased by
a preset amount. This process could also be the reverse 1f the
newly acquired data point 1s less than the calculated repre-
sentative value.

Also, various data can be used to adjust the value at block
116. For mstance, every value may be used unless the value
results 1n an alarm at block 106, crosses the threshold at block
110, or meets some other criteria for non-inclusion. Also, the
most recent data may be more heavily weighted, older data
may be 1gnored, and/or some other criteria may be used.

Instead of adjusting the calculated representative value at
block 106, the value of the tracking thresholds and/or alarm
criteria can be adjusted directly. For instance, a tracking
threshold may be reset based on whether the average value of
the newly acquired data 1s greater than or less than a median
point between two tracking thresholds (or than a point a
certain distance from the threshold }—raising the threshold if
greater, and lowering the threshold 11 less. The criteria for
adjusting these values can also include factors such as those
mentioned previously for adjusting the typical value.

Once the typical value 1s adjusted at block 116, values can
be compared at block 114. Comparison at block 114 can
include a determination whether a comparison of recorded
values should be made. The determination may be based on
time, on number of recorded values, or on some other criteria.
If the determination 1s made based on time, the amount of
time between values 1n the comparison 1s preferably greater
than about 10 minutes, and more preferably, the values are
separated by at least about 30 minutes. The amount of time
between values 1s also preferably no more than about twenty-
four hours, and more preferably no more than about 4 hours.

If based on amount of data received, the limits for amount
of data would preferably be chosen such that they would
generally meet similar time frames.

If a comparison 1s to be made at block 114, the comparison
may be based upon two or more values, or two or more sets of
values. Further, the comparison may include determining the
difference in values, the comparison could include a trend
analysis, and/or the comparison could include any number of
other criteria. The comparison can be based on a plurality of
the past values equally, a time weighted comparison of the
values, a trend analysis of the values, a comparison of a small
number of values, etc.

The comparison at block 114 could also include determin-
ing the change 1n a patient’s values over time (1.¢. determine
the slope of the values). If slopes are determined, a plurality of
values can be used to generate a plurality of slopes. For
instance, each slope can represent an average change over a
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two or three minute time period. The values of a plurality of
slopes can be compared. This comparison can include calcu-
lating a mean value and a standard deviation of the slopes over
a set period, such as two or three hours or two or three days.
A comparison of the slopes may be used to give an 1dea of the
condition of a patient (for instance a patient who 1s steadily
getting worse). For instance, a patient with a mean slope that
shows decreasing values with respect to time and a low stan-
dard of deviation may be gradually worsening. This may be
judged by comparing the mean slope and/or standard devia-
tion to preset thresholds.

An alarm can be then sent at block 113 based on the
comparison of block 114. The alarm can be based on whether
the results of the comparison exceed a preset limait, based on
a tolerance factor, based on other characteristics of the sub-
ject, and/or based on some other criteria.

Once the values have been compared at block 114, data can
be acquired at block 108, and the process can proceed back to
block 104.

A tolerance factor can be used to atfect the parameters that
are used. For example, a tolerance factor can be used to set the
typical value, a tracking threshold, an alarm criteria, the rate
at which values are adjusted, the rate at which an alarm
criteria tightens, etc. A tolerance factor can also be used to
alfect the sensitivity allowed for the comparison at block 114.

The tolerance factor can be based on a number of different
things. For example, the tolerance factor can be based on a
factor chosen by a user, a subject’s history, a subject’s reason
for being monitored, other measured values of a patient, the
value of the typical value calculated at block 102 or adjusted
at block 116, and/or some other criteria. Additionally, the
tolerance factor may be adjusted by a user, may be adjusted
based on information relating to subject 10, and/or may be
adjusted based on the amount of data inputted from subject 10
(the more data that has been inputted, the more likely the
alarm criteria accurately represents the subject). The toler-
ance factor may change over time and may be different for
different applications of the alarm criteria to the subject 10.

Referring again to FI1G. 1, monitor 14 comprises an identity
detector device 16 configured to 1dentify a subject 10. Identity
detector device 16 can identily subject 10 by detecting an
identification device 12 associated with a subject of interest
10. Identification device 12 can be a card or other object
associated with the subject. Identification device could be
used for wireless 1dentification of subject 10 and/or 1dentifi-
cation device 12 could be a computer readable medium.

Also, bill generator 32 can generate a bill based on the use
of monitor 14. Bill generator 32 can generate a bill for the use
of monitor 14, or can integrate the use of monitor 14 1nto a
larger bill to be sent. Bill generator 32 can also monitor the
usage of monitor 14, and generate reports based on usage of
monitor 14. Bill generator 32 can also be used to send a notice
to a person across network 18 indicating that monitor 14 1s
being used and billed. People that may desire receving such
a notice might include a patient’s primary physician, a treat-
ing physician, an insurance carrier, and a patient. Delivering
a notice to an isurance carrier may allow faster approval for
sudden, unexpected usage of monitor 14. This would allow a
hospital to collect funds sooner, and would allow a patient to
worry less about obtaining coverage after treatment has been
completed. Once the bill 1s generated, 1t can then be sent
physically or electronically to a recipient. The recipient may
be a computer at an 1nsurance company that calculates the
extent ol coverage and the amount to be paid based on the
usage of monitor 14.

Further, an alarm signal sent by processor 27 may be sent to
an alarm signaling device 31 physically connected to proces-
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sor 27, or may be sent to an alarm signaling device 29 located
remote from processor 26. Remote alarm signaling device 29
may be a part of a pager or some other type of communication
device. Remote alarm signaling device 29 could also be
located at a discrete location such as at a nurse’s station in a
health care facility.

Alarms generated by alarm signaling devices 29 and 31
may take on any form including, but not limited to, an audible
sound, a visual indicator, a message, and a vibrating alert. The
alarm generated by alarm signaling devices 29 and 31 can
turther include a message indicating the reason for the alarm.
The alarm could also be differentiated based on a number of
criteria including the type and severity of the event causing
the alarm. Further, 1f a system has more than one alarm
signaling device, the device that signals the alarm could be
differentiated based on a number of criteria including the type
and severity of the event underlying the alarm.

Reference to “tighteming” of alarm criteria means that
more situations will be covered by the alarm criteria. For
instance, when the alarm criteria includes an alarm limit
whose value 1s set based on the value of a typical value for a
subject, tightening the alarm criteria could include reducing
the difference between the alarm limit and the typical value.

Reference to “dynamically tightening” the alarm critenia
refers to a situation, as 1n FIG. 3, where the alarm criteria
continues to tighten over a set period of time.

The invention has been described with reference to various
specific and illustrative embodiments and techniques. How-
ever, 1t should be understood that many vanations and modi-
fications may be made while remaining within the spirit and
scope of the mvention. Also, while the invention 1s particu-
larly useful for patient monitoring, the invention 1s applicable
to other monitoring activities as well.

What 1s claimed 1s:

1. A method for momitoring of a patient, comprising:

acquiring data from a patient;

dynamically adjusting an alarm criteria based on the data;

determining a first value that 1s typical for the patient for

the characteristic being monitored;

determining a second value for the characteristic being

monitored:

generating a comparison based on the first value and the

second value;

measuring a slope based on first and second data with

respect to time;
determining a plurality of slopes of data value with respect
to time and determining the degree of correlation of the
slopes, wherein the determining the degree of correla-
tion of the slopes comprises determining a mean slope
value and a standard deviation of the slope values; and

sending an alarm 11 the mean slope value exceeds a thresh-
old, wherein the alarm that 1s sent 1f the mean slope
exceeds a threshold 1s only sent 11 the standard deviation
of the slope values also exceeds a threshold.

2. The method of claim 1, further comprising sending an
alarm based on the comparison.

3. A method for sending an alarm using a medical monitor
that 1s monitoring a patient, comprising:

acquiring {irst data from a patient;

acquiring second data from a patient;

generating a comparison of the first data to the second data,

wherein the monitor 1s configured to generate an alarm
based on the comparison;

measuring a slope based on {first and second data with

respect to time;
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determiming a plurality of slopes of data value with respect
to time and determinming the degree of correlation of the
slopes, wherein the determining the degree of correla-
tion of the slopes comprises determining a mean slope
value and a standard deviation of the slope values;and

sending an alarm 11 the mean slope value exceeds a thresh-
old, wherein the alarm that 1s sent 1f the mean slope
exceeds a threshold 1s only sent 11 the standard deviation
of the slope values also exceeds a threshold.

4. The method of claim 3, wherein generating the compari-
son of the first data and the second data comprises comparing,
a first value calculated based on the first data and a second
value calculated based on the second data.

5. The method of claam 3, wherein comparing the first
value and the second value comprises calculating a rate of
change between the first value and the second value.

6. The method of claim 4, wherein the first and second
values are each calculated based on a plurality of data
acquired from a patient.

7. The method of claim 3, wherein the first data and the
second data are separated in time by at least ten minutes.

8. The method of claim 7, wherein the first data and the
second data are separated in time by at least thirty minutes.

9. The method of claim 3, wherein the first data and the
second data are acquired within 24hours of each other.

10. The method of claim 9, wherein the first and second
data are acquired within four hours of each other.

11. The method of claim 9, wherein the first and second
data are separated in time by at least ten minutes.

12. The method of claim 3, further comprising obtaining a
plurality of additional data, and determining a slope of a value
ol the data with respect to time based on the additional data.

13. A monitoring system for monitoring a patient, the sys-
tem comprising;:

a data acquisition device configured to collect a set of data

from the patient;

a processor configured to dynamically adjust an alarm
criteria based on the set of data collected from the
patient, wherein the processor 1s further configured to
determine a first value and a second value from the
collected data that 1s typical for the patient for a charac-
teristic being monitored, and wherein the processor 1s
turther configured to generate a comparison based onthe
first value and the second value, and further wherein the
processor 1s configured to measure a slope based on first
and second data with respect to time to determine a
plurality of slopes of data value with respect to time and
determine the degree of correlation of the slopes,
wherein determining the degree of correlation of the
slopes comprises determining a mean. slope value and a
standard deviation of the slope values and to send an
alarm 1f the mean slope value exceeds a threshold,
wherein the alarm that 1s sent if the mean slope exceeds
a threshold 1s only sent if the standard deviation of the
slope values also exceeds a threshold.

14. The system of claim 13, further comprising a monitor

configured to generate an alarm based on the comparison.

15. The system of claim 13, wherein the processor gener-
ates the comparison by any one of the following techniques:

a rate of charge calculation;
a time separation and acquisition calculation; and
a slope degree correlation determination.
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